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Histophotornetry of the Feulgen DNA-content
of cell nuclei affords evidence of a connection
between the functional activity of the cells and
their nuclear DNA. This fact has been ascer-
tained in several endocrine glands (thyroid (1, 2),
adrenal cortex (3, 4), adrenal medulla (5), ovary
(6), interstitial cells of the testis (7)). The target
organ may also show significant changes in the
nuclear DNA-content. This is the case for the
cervicovaginal epithelium in mice in which the
cyclical increase amounts to 25% of the mean
diestrous value (8). The method has also proved
interesting in the study of neoplasm. Leuchten-
berger (9) described an important increase of the
nuclear DNA-content in the breast carcinoma in
man as well as in bronchial carcinoma in the
mouse. Laquerrière (10, 11, 12) demonstrated
that in rectal tumors the mean DNA-content of
the cell nuclei of malignant tumors is hyper-
tetraploid, whereas the nuclear DNA-content of
benign tumors belong to the diploid or tetraploid
nuclear values. This confirmed the statements of
Leuchtenberger and gave them added significance
because of a valid statistical study. In the course
of chemical carcinogenesis Thiery (13) has demon-
strated a progressive increase of the mean nuclear
DNA-values: dysplastic epithelium shows hyper-
diploid though hypotetraploid values whereas
squamous cell carcinoma is characterized by a
tetraploid or hypertetraploid mean DNA-content.
In skin tumors Laquerrière (14) was able to
show the same relationship. From the investi-
gation of several skin tumors he concluded that
basal cell carcinoma and squamous cell carcinoma
(with one exception) show hypertetraploid nu-
clear DNA-values. Non degenerating keratosis
senilis, seborrheic keratosis, kerato-acanthoma,
inflammatory infiltrates do not show increased
DNA-values. Nevertheless, this author did not
find a parallel between the DNA-content of the
nuclei and the degree of malignancy. In a certain
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number of basal cell carcinomas he found higher
values than in squamous cell carcinomas.
MATERIAL AND METHODS
The following tumors were studied: six basal-
cell carcinomas, five squamous cell carcinomas,
five seborrheic keratoses, five senile keratoses.
Of the cases of squamous cell carcinomas, three
showed an obvious keratinization (no. 1, 2, 3)
and two were anaplastic tumors (no. 4, 5).
The tumors are fixed in A.F.A. solution (alcohol
940,75 ml.; formol 10%, 20 ml.; acetic acid 5 ml.).
The tissues are dehydrated and embedded follow-
ing a standardized time-schedule. The sections
(10 a) are stained at the same time as the sections
of normal epidermis by means of the Feulgen re-
action. The DNA-content of the nuclei is de-
termined according to the method of Lison (15).
The sections are studied under oil-immersion in a
horizontally mounted microscope. A light source
projects the nucleus to be measured on a screen
which has a central diaphragm, behind which a
photoelectric cell is placed. An amperemetre
measures the variations of the current produced
in the photoelectric cell by the nucleus brought in
front of the aperture. The obtained extinction
coefficient multiplied by the surface of the nuclei
give the relative nuclear DNA-value. Fifty cells
were measured in each tumor. They were chosen
from the margins and the central part of the lesion;
nuclei from the basal and spinal layers of ap-
parently healthy epidermis were measured as
well. In keratosis senilis and seborrheic keratosis
only cells of the stratum basale and the stratum
Malpighi were measured. The values of basal
nuclei from five normal individuals were pooled
and used as controls. The results of pathologically
altered skin were handled in the same way. Com-
parison with control pools is meaningless when the
values do not belong to the same population. In
those cases we limited ourselves to comparing the
individual values with the pools of the control
groups.
RE5ULTS
The results are summarized in tables 1, 2, 3.
As the basal cell carcinomas were not studied
at exactly the same time as normal epidermis, a
sixth case was investigated; tissue from the latter
tumor was obtained together with a piece of
adjacent normal skin from the same patient. The
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TABLE 1
,Seborrheic keratosis and keratosis genius
Tissue Case Me1DNA Log x s 3Iog Niibr of
Normal epidermis
Stratum Malpighi
1
2
3
4
5
883
1148
927
1240
905
2.94611
3.05990
2.96718
3.09331
2.95695
0.144
0.110
0.119
0.143
0.128
0.0203
0.0154
0.0168
0.0203
0.0182
50
50
50
50
50
Stratum basale 1
2
3
4
5
1327
1351
1253
1318
1382
3.12312
3.13064
3.09813
3.12011
3.14058
0.100
0.106
0.081
0.066
0.075
0.0141
0.0150
0.0110
0.0094
0.0105
50
50
50
50
50
Pool 1327 3.12300 0.088 0.0055 250
Seborrheic keratosis
Keratinising cells
1
2
3
4
5
1059
1402
1115
1100
1027
3.02498
3.14660
3.04735
3.04124
3.01143
0.112
0.086
0.094
0.109
0.120
0.0159
0.0122
0.0133
0.0154
0.0170
50
50
50
50
50
Pool 1132 3.05412 0.114 0.0072 250
Stratum basale 1
2
3
4
5
1345
1339
1421
1345
1264
3.12853
3.12673
3.15262
3.12884
3.10174
0.078
0.078
0.096
0.109
0.120
0.0111
0.0111
0.0136
0.0154
0.0170
50
50
50
50
50
Pool 1335 3.12534 0.098 0.0061 250
Keratosis senilis
Stratum Malpighi
1
2
3
4
5
1081
962
7547
2082
1217
3.03401
2.98314
3.18793
3.31848
3.08549
0.117
0.119
0.113
0.131
0.145
0.0166
0.0168
0.0160
0.0185
0.0205
50
50
50
50
50
Stratum basale 1
2
3
4
5
1774
2023
2048
3518
2860
3.24904
3.30614
3.31156
3.54636
3.45636
0.135
0.124
0.169
0.126
0.164
0.0191
0.0176
0.0239
0.0178
0.0232
50
50
50
50
50
results are comparable with those of the first
series (table 4).
Normal epidermis: the DNA-content of the
basal layer of the normal epidermis showed to be
diploid when compared with lymphocyte nuclei
found in the inflammatory infiltrate. In the nuclei
of keratinizing cells the DNA-content decreases.
&borrheic keratosis: the results fit in with those
of normal epidermis.
Keratosis senilis: the average DNA-content of
the stratum basale is increased. It is hypotetra-
ploid in the first three cases and hypertetraploid
in cases 4 and 5.
Squamous cell carcinoma: the DNA-values ex-
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TABLE 2
Squamous cell carcinoma
Tissue Case Men1DNA Log x
2.94611
3.05990
2.96718
3.09331
2.95695
g
0.144
0.110
0.119
0.143
0.128
slsg
0.0203
0.0154
0.0168
0.0203
0.0182
Nub?r. of
50
50
50
50
50
Normal epidermis
Stratum Malpighi
1
2
3
4
5
883
1148
927
1240
905
Stratum basale 1
2
3
4
5
1327
1351
1253
1318
1382
3.12312
3.13064
3.09813
3.12011
3.14058
0.100
0.106
0.081
0.066
0.075
0.0141
0.0150
0.0110
0.0094
0.0105
50
50
50
50
50
Pool 1327 3.12300 0.088 0.0055 250
Epidermis around the tumor
Stratum Malpighi
1
2
3
4
5
1137
894
985
1265
1289
3.05569
2.95153
2.99337
3.10204
3.11047
0.143
0.113
0.142
0.120
0.092
0.0202
0.0160
0.0201
0.0170
0.0130
50
50
50
50
50
Stratum basale 1
2
3
4
5
1329
1524
1673
1674
1610
3.12372
3.18302
3.22366
3.22396
3.20680
0.128
0.111
0.081
0.097
0.090
0.0181
0.0157
0.0114
0.0138
0.0127
50
50
50
50
50
Pool 1558 3.19247 0.108 0.0068 250
Tumoral cells at the margin of the
tumor
1
2
3
4
5
4432
3169
2183
5281
5408
3.64661
3.50091
3.33865
3.72277
3.73300
0.137
0.144
0.139
0.132
0.126
0.0194
0.0204
0.0197
0.0187
0.0179
50
50
50
50
50
Keratinizing tumoral cells in the
middle of the tumor
1
2
3
4
5
2425
1697
1568
3.38471
3.22998
3.19536
No
0.147
0.142
0.137
keratiniza
0.0208
0.0201
0.0195
tion
50
50
50
Lymphocytes around the tumor 4
5
1231
1203
3.09030
3.08037
0.070
0.070
0.0100
0.0099
50
50
ceed the tetraploidic rate in cases 1, 2, 4, and 5.
This increase is most pronounced in anaplastic
tumors (no. 4 and 5). Tumors with keratinization
show lower values. This is most obvious in case
3, which shows a strong keratinizing tendency and
remains below the 4 n value. Epidermis surround-
ing the tumor shows higher DNA-values than
normal epidermis (p < 0.001).
Basal cell carcinoma: the DNA-content is
moderately increased, especially in the palisade
cells of the tumor and in the stratum basale of
histologically normal epidermis covering the
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TABLE 3
Basal cell carcinoma
Tissue Case Men1DNA Log x s 3log Nub?r.of
Normal epidermis
Stratum Malpighi
1
2
3
4
5
826
815
871
801
754
2.91721
2.91119
2.94009
2.90397
2.87748
0.152
0.162
0.160
0.120
0.167
0.0214
0.0230
0.0226
0.0169
0.0235
50
50
50
50
50
Pool 814 2.91047 0.151 0.0095 250
Stratum basale 1
2
3
4
5
1386
1615
1364
1349
1288
3.14178
3.20560
3.13486
3.13004
3.11017
0.104
0.107
0.128
0.092
0.173
0.0148
0.0151
0.0181
0.0130
0.0244
50
50
50
50
50
Pool 1390 3.14310 0.130 0.0082 250
Palisade cells of the tumor 1
2
3
4
5
2094
1939
1987
1856
1762
3.32119
3.28778
3.23329
3.26851
3.24594
0.143 0.0202
0.124 0.0175
0.136 0.0192
0.143 0.0202
0.148 0.0210
50
50
50
50
50
Pool 1921 3.28357 0.142 0.0089 250
Central cells of the tumor 1
2
3
4
5
1614
1490
1683
1452
1274
3.20801
3.17339
3.22617
3.16195
3.10505
0.138
0.173
0.106
0.112
0.113
0.0195
0.0244
0.0151
0.0159
0.0159
50
50
50
50
50
Pool 1502 3.17666 0.136 0.0086 250
Epidermis covering the tumor
Stratum Malpighi
1
2
3
4
5
1003
1060
1278
845
945
3.00180
3.02558
3.10686
2.92715
2.97561
0.191
0.167
0.117
0.164
0.169
0.0270
0.0236
0.0165
0.0232
0.0239
50
50
50
50
50
Pool 1020 3.00836 0.166 0.0104 250
Stratum basale 1
2
3
4
5
2315
1979
1742
1970
2198
3.36545
3.29651
3.24112
3.29440
3.34197
0.140
0.128
0.115
0.138
0.134
0.0199
0.0181
0.0163
0.0196
0.0190
50
50
50
50
50
Pool 2037 3.30909 0.137 0.0086 250
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TABLE 4
Basal cell carcinoma (sixth case)
Tissue Me*n1DNA Log x S Slog x Nu;br.of
Epidermis of adjacent normal skin
Stratum Malpighi 871 2.94009 0.206 0.0291 50
Stratum basale 1431 3.15503 0.086 0.0122 50
Palisade cells of the tumor 1900 3.27875 0.109 0.0154 50
Central cells of the tumor 1639 3.21463 0.067 0.0096 50
Epidermis covering the tumor
Stratum Malpighi 1388 3.14238 0.099 0.0140 50
Stratum basale 1775 3.24934 0.090 0.0127 50
Inflammatory infiltrate 1244 3.09482 0.062 0.0088 50
lesion. The centrally located cells show only
slight alterations. The DNA-content decreases
again in the stratum Malpighi.
DI5CU55JON
The results of our investigations fit in with the
data of Laquerriêre notwithstanding we found
significant differences in the DNA-content of the
nuclei according to the degree of malignancy of
the tumor.
Our observations show that the DNA-content
of the nuclei of epidermis decreases as keratini-
zation progresses, a fact already described by
Leuchtenberger. The seborrheie keratosis, a be-
nign tumor, has a completely normal mean nu-
clear DNA-content.
The interpretation of the increased mean DNA-
values in senile keratosis is somewhat difficult.
Two cases (4 and 5) are hypertetraploidic. Pos-
sibly this fact can be related to a tendency to
malignant degeneration. In their study of three
eases of leukoplasia of the larynx, Roels and
Kluyskens (16) only once found a DNA-content
exceeding the 4 n value, though follow-up studies
so far have not shown neoplastic degeneration of
the lesions. In a ease of malignant degeneration
of keratosis senilis of the skin Laquerriêre did
find areas having a normal DNA-content and
others which were tetraploidic. The study of
more eases and a follow-up of the patients might
solve this problem.
The small increase of the mean nuclear DNA-
content in basal cell carcinoma is in definite
opposition to Laquerriêre's results. This author
found values exceeding those of squamous cell
carcinoma. Nevertheless, according to our results
there should be a correlation in skin tumors be-
tween their degree of malignancy and mean
nuclear DNA-content. As a matter of fact, the
basal cell carcinoma, which, contrary to squamous
cell carcinoma, has a very slow evolution, shows
a much smaller increase of its DNA-content
than the latter tumor.
Four of our squamous cell carcinomas showed
hypertetraploidie values. Furthermore the DNA-
content seems to parallel the degree of malignancy
of the tumor. Thus much higher values are
reached in anaplastie tumors (cases 4 and 5) than
in keratinizing ones (cases 1, 2, 3), the latter
being generally less malignant. Case 3 in which
keratinization was most pronounced, showed
relatively low nuclear DNA-values.
It is interesting to note that in basal cell as
well as in squamous cell carcinomas normal epi-
dermis surrounding the neoplasm already shows
a small increase of the nuclear DNA-content.
In some basal cells the DNA-content is even
higher in the surrounding epidermis than in the
tumor itself. Until now this fact is unexplained,
though the observed increase of DNA-content
would indicate an increase or alteration of cell-
activity in the area of the tumor.
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